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After the oil crisis in the 1970s, energy issues became important when new buildings were planned. In Sweden, as example, also existing buildings were renovated by changing to better windows with lower U-values and making the building envelope more airtight. Often more insulation was added in the roof construction of the building and sometimes also in exterior walls. The eagerness to reduce energy losses caused sometimes a not so good side-effect; buildings with 'natural' ventilation that depended on a leaky building envelope, suddenly did not get sufficient ventilation. This was bad marketing for energy-efficiency measures. In cold countries like Sweden, mechanical ventilation systems with heat recovery became more frequently used to ensure sufficient ventilation rates without causing high energy losses. Since then a system approach with less sub-optimization has been growing when designing buildings.
In the 1980s, engaged developers, architects and other stakeholders planned and built low-energy buildings. Low-energy buildings were not necessarily what we mean by energy-efficient buildings. An energyefficient building means that the building uses less energy than a standard building, while maintaining the building's quality/function such as thermal comfort, air quality, etc. A low-energy building simply means that the building is using less energy than a standard/ reference building. However, this could be, e.g. due to a reduced or increased indoor temperature outside the comfort zone, or by causing a poor indoor air quality as mentioned above. Thus, a reduction in energy use could mean a reduction in quality and performance in a worst case scenario.
Developments depending on follow-ups with measurements and evaluations to become successful Developments of various low-energy buildings became frequent after the oil crisis, and were more or less successful. Demonstration buildings enabled to show what was possible to achieve regarding high performance buildings when followed up with measurements and evaluations. Not only energy performance is important to follow-up, but also other parameters such as user aspects.
Two factors have been very important for the development; (1) the enthusiasm by individuals in different roles, pushing for a change and (2) investment in measurements and evaluations to follow up on goals. Lessons learnt from such demonstration buildings and studies are crucial in order not to make the same mistakes again, and to further develop what worked well. This is an important process for the building industry, researchers and decision makers. In Europe, the recast of the EU Directive on Energy Performance of Buildings 3 set the framework and boundaries for new buildings to achieve 'nearly zero energy' by the end of 2020. How to define 'nearly zero energy' is up to the member states, which makes it really hard to implement if not clarified. Nevertheless, the directive brought up the importance of energyefficiency measures together with local renewable energy production, pushing the member states to address this in future building regulations.
What is then the best concept, you may ask. Perhaps this is natural to ask and sometimes promote 'your own' concept or solution. Competitions may be needed as a part of the development process and in that sense it could serve well. However, I am convinced that we also in the future need different concepts, technologies and developments for different climates, countries, type of buildings and economic conditions. There is simply no single concept or solution that is best. That said, it is important to only use concepts that work in the specific environment we are planning for. That is why performance evaluations of buildings and building systems in different climates and countries are of the utmost importance, to learn what works or not.
One real success factor for a building concept is if it is well defined or not. To achieve a 'low-energy building' or a 'sustainable building' and not specify what we mean by that is not the right way to go. Many such developments were not clearly defined and therefore hard to follow in the design and construction phase. Specific requirements need to be agreed on and followed-up. If not, vague goals will be almost impossible to evaluate to see if they were met. Also, less is often achieved if the goals and requirements are vaguely stated, to my opinion. Whatever concept and wording we are using, the most important thing is to define what we mean in order to apply it, and to follow-up to make further improvements and innovations.
Zero-energy buildings
A very energy efficient building using renewable energy to meet its need could become a zero-energy building. A general definition is that when a building produces as much renewable energy as it needs, it becomes a zeroenergy building. Although this may seem simple, many different boundary conditions and definitions exist. One example is a completely self-sufficient house that should produce as much energy as it needs at all times. It does not need to be connected to an electricity grid and/or to district heating/cooling systems. In most situations and locations, this is not a realistic and cost-effective solution.
A frequently used definition is that the building should produce renewable energy equally to the building's needs over a year. The building is grid connected and could use the electricity or/and thermal grid to 'store' energy. In reality the local renewable production, e.g. solar heat or electricity, is exported/sold to the grid during times of overproduction. Then, when the building's need is larger than the local production, energy is imported/bought back from the grid. Thus, by this definition, it is only when balancing a whole year that a zero-energy balance should be reached.
The naming net-zero energy building is also commonly used, to clarify that it includes the use of a grid to export/import energy to achieve a zero-energy balance. 4 The balance could also be measured in, e.g., CO 2 -emissions instead of energy, see Figure 1 .
Extensive studies have been carried out concerning the concept of net-zero energy buildings and its implementation and use in different countries. One good source for more information is the work from the International Energy Agency (IEA), the project SHC Task 40/ECBCS Annex 52: Net Zero Energy Solar Buildings. 5 One example in Sweden was a net-zero energy office building that was analysed based on design and construction to see if it could fulfil suggested Swedish definitions stating that a zero energy balance must be reached over a year based on import/export balance. Included in the energy balance was energy used for heating, cooling and dehumidification, ventilation and humidification, hot water and permanently installed lighting of common spaces and utility rooms. Different boundary conditions were discussed, concluding in that more clear definitions of a Net ZEB are needed. Based on simulations, the studied office building may reach a Net ZEB balance. 6 Now, imagine that this zero-energy definition should be the concept for all buildings. This would cause a mismatch between energy need and energy production at a larger scale. For a cold climate as in Sweden, it would probably mean an overproduction of renewable energy during summer and a lack of renewable energy during winter season. A more fair balance period may be a month or even less, but much more difficult to achieve. Research and developments on energy storages (heat and electricity) are therefore important now when we go from fossil fuels to renewable energy.
A next question is -what do we include in the energy use that should be matched by local renewable energy production? Is it the total energy need for the building? Or is it only the building's property energy? Or also space heating/cooling, and also occupancy operational energy? To include all the energy used, makes it of course much harder to match with renewable energy production to achieve a net-zero energy balance. Therefore, it is important to know how the definition is used -many examples of zero-energy buildings have been built, based on different definitions. One zeroenergy building can be completely different compared to another one.
Clear definitions are therefore needed, together with methods and tools how to plan, design and follow-up on net-zero energy buildings. When designing a netzero energy building, an integrated approach is needed using passive strategies as a first step to achieve a low energy demand. Also, active solar strategies need to be planned at an early stage. The building's design is therefore important, together with energy-efficient technical systems.
Architectural aspects when integrating solar energy in new and existing buildings
When the zero-energy building concept developed and started to be used, an increased local production of renewable energy became important. Solar energy is one obvious renewable energy source, possible to harvest at a local scale. Solar collectors for producing hot water and photovoltaics to produce electricity are both mature technologies that can be more or less integrated in a building envelope, on facades and roofs. Since such systems are rather large, they could easily dominate the buildings' architecture. Architects need to consider this when designing new buildings and find solutions that either are almost invisible or even better to enhance the architecture by using innovative solar products developed for building integration.
Again, imagine if almost all buildings would have PV and solar thermal panels on roofs and/or facades. Solar products with high technical performance are available. Extensive research has been carried out regarding solar technologies: on materials, components, and systems and their energy-efficiency. However, what happens with the architecture and the urban landscape where these are installed? Still much more developments are needed on integration aspects making the products more suitable for building integration, when the solar panel itself could be used as the roofing material, fac¸ade material or as balcony rails etc. Such a double function gives a higher potential to achieve a good integration and at the same time save building material, costs and reduce the environmental impact, see Figure 2 .
There are good examples of solar products that are visually imitating the products for fac¸ade and roof claddings in order to make the solar thermal or PV product 'invisible'. It is promising that manufacturers have realized the importance of such developments. 8, 9 The opposite strategy is also applied when claddings are developed to match the solar components, thus creating a cooperation between the product developers of fac¸ade/roof cladding systems and of solar products. In sensitive environments, e.g. in heritage areas and old city centres, this development will be crucial to be able to integrate solar energy solutions. Even if a solar product has a very high efficiency, it does not help if a building integration will be rejected by the city and no installation permit will be given. If you multiply a high number (efficiency) with a zero (not acceptable), the result will still be zero! More developments are therefore expected and needed; concerning materials, colours, sizes, product 'integrability', etc. 10 
Going from single buildings to a group of buildings /neighbourhoods
Focus has been on single buildings for a long time, making them as energy-efficient as possible and using renewable energy. Great progress has been made over the years in order to reduce the energy demand for heating, cooling and electricity use for the building and occupancy. The development will surely continue, and one key challenge is to find cost-effective solutions also for energy-efficient renovation of buildings. Renovation of the building stock is going slowly, often with cost as a key issue.
A next step, already here, is to focus on a group of buildings, a neighbourhood. With mixed building types and uses, we may within a precinct become very sustainable, with low-carbon emissions and energy-efficiency. By moving the boundary from the building envelope to a district or neighbourhood, it gets possible to benefit from each other and not suboptimize each building. As an example, buildings with the highest solar access can be used to produce solar electricity and heat. Other buildings, shaded or heritage protected, could be left without such installations and improved in other ways. Being grid connected, all could benefit if the energy is shared over time and place, still keeping the total need as low as possible. Other benefits are, e.g., that a mixed use of buildings in an area supports a 'living' neighbourhood at all times, enabling services for inhabitants at a close distance.
Even if goals are set on a city-level, it is important to also work on a neighbourhood scale to realize goals and to find concrete solutions for city districts.
Solar energy strategies for neighbourhoods and urban areas
When planning new city districts and neighbourhoods using a net-zero energy or low/zero carbon concept, energy strategies are important to include at a very early stage. Considerations for using solar energy are part of this in order to achieve long-term sustainable solutions. Solar energy gives us daylight and reduces electricity for lighting both indoors and in outdoor environments. It is also important for our health. Solar energy can also heat our buildings by passive solar gains through windows. With active solar systems on buildings and, e.g. on street furniture, we can produce both renewable heat and electricity, and also solar cooling. However, such strategies need careful planning.
Important parameters in early urban planning stages, influencing the solar energy potential, are the orientation and distance of buildings, and the height of buildings in relation to adjacent buildings. Even if active solar systems are not installed on all roofs and facades when buildings are erected, at least the layout of buildings in the area should be well-thought and pave the way for a later integration of photovoltaics and solar thermal systems. This also benefits daylight access both indoors and outdoors. It is important to highlight that buildings and urban planning have a long time horizon. A good planning will increase the potential of using solar energy for a long time ahead, while the lack of taking solar access into planning will instead become a barrier for maybe a hundred years.
Within the International Energy Agency (IEA), the Solar Heating and Cooling Programme (SHC), work is carried out in Task 51 'Solar Energy in Urban Planning'. 11 The main objective is to support urban planners, authorities and architects to achieve architectural integration of solar energy solutions (active and passive) in urban areas, and eventually whole cities, thus creating cities with a large renewable energy supply. The types of support being developed include processes, methods and tools capable of assisting cities in developing a long-term urban energy strategy, including heritage and aesthetic issues and solar integration in sensitive landscapes. As a part of this work, participants work to strengthen solar energy in urban planning education by testing and developing teaching material. The results from this project cover state-of-the-art reports on urban planning legislation, voluntary initiatives and planning processes, and on education.
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Reports will also be made on barriers, challenges and needs, on solar energy targets and assessment of potential and on methods and tools. A collection of 34 international case studies from 10 countries is available, 13 and cross comparisons and lessons learnt will follow. Material and tools for education have been developed; a booklet on an exemplary summer school has so far been published. 14 In addition, a web-based learning platform for education and dissemination, and finally guidelines will be presented. Thus, some results are already available on the website but much more will come.
Next steps?
The scale of neighbourhoods is very interesting and tangible. It makes it possible to identify benefits of such an area, in sharing energy and many other things. To jointly work -urban planners, researchers, architects, consultants, citizens, energy companies, etc.
-with planning and realizing e.g. net-zero energy neighbourhoods could be a good way to:
. further develop and test concept definitions of a netzero energy neighbourhood; . identify co-benefits and barriers;
. study integration of active and passive solar energy strategies in existing and new environments, both for buildings and in outdoor environments; . develop and test methods and tools to support the planning of such areas;
. develop and test methods and tools to monitor and evaluate that the goals and requirements set-up are reached; . ensure involvement and collaboration with citizens and other key stakeholders.
This can be applied both on developments of new areas, and on infills and refurbishments of existing areas. In connection to such team work, we do need to continue developing teaching and courses to speed-up the dissemination and knowledge transfer. So much to do, in so little time it feels, but very exciting!
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